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Abstract

Brief everyday stressors can provoke cardiovascular, hormonal, and immune changes, with
considerable variation in the magnitude and duration of these responses. Acute responses to daily
stressors can vary widely among individuals experiencing the same stressor, and these
physiological responses may not align with stress appraisals. This review highlights individual and
dyadic factors that may heighten and prolong stress reactivity, and their implications for health.
We discuss depression, rumination, early life adversity, and social evaluation as individual level
factors, and interpersonal stress processes and relationship quality as dyadic level factors that may
influence physiological stress responses. Heightened and prolonged stress reactivity can provide a
gateway to the physiological dysregulation that underlies depression and chronic disease, which
themselves alter stress reactivity — a vicious cycle. Interventions that may dampen physiological
stress reactivity include yoga, meditation, health behaviors (diet, exercise, and sleep), and
cognitive behavioral therapy.
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Stress Reactivity: What Pushes Us Higher, Faster, and Longer — and Why It
Matters

Brief everyday stressors are inherent in life, but their health consequences vary based on
individual differences in physiological stress reactivity. The body’s acute responses to daily
stressors can differ widely among individuals experiencing the same stressor, and these
physiological responses may not align with stress appraisals (Campbell & Ehlert, 2012;
Turner et al., 2020).The hormonal, cardiovascular, and inflammatory responses to stress are
biologically adaptive, readying the body for action and possible injury, but a heightened or
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prolonged response, especially in the context of modern stressors that do not require fighting
or fleeing, promotes biological wear and tear that can shape health trajectories (McEwen,
1998). Although we focus on amplified and long-lasting reactivity, low responsiveness can
also be problematic (Turner et al., 2020).

A stress response is adaptive when its magnitude aligns with the stressor’s threat and the
body can return to a resting state soon after the threat ends. An exaggerated response
needlessly taxes the body, preparing it for action that may be inappropriate; for instance,
many modern stressors, like receiving critical feedback from a supervisor, are not life-
threatening and do not require a “fight-or-flight” response, yet the stress response mobilizes
energy reserves (e.g., glucose) for the exaggerated response. The response’s duration matters
as well. Prestressor worry and post-stressor rumination prolong the stressor’s effects; worry
provokes an anticipatory response, and rumination hinders a return to baseline. In contrast,
an adaptive stress response is flexible and short-lived. In the context of a recurring stressor
(e.g., parents managing their young child’s tantrums), a failure to habituate, or recognize the
relative safety of this repeating scenario, provokes an unnecessary physiological response.
Although many people habituate to a repeated stressor, unpredictable and uncontrollable
stressors more reliably evoke cardiovascular, neuroendocrine, and inflammatory responses.

Reactivity to stressors yields insights into health-related risks that cannot be gleaned from
resting measurements. For example, parasympathetic nervous system (PNS) functioning—
the body’s rest and digest system—did not vary between depressed and nondepressed
individuals during resting states, but differences emerged when confronting a stressor (Hu,
Lamers, de Geus, & Penninx, 2016). The PNS opposes the “fight-or-flight” response of the
sympathetic nervous system (SNS), and when PNS activity is low (reflected by lower heart
rate variability; HRV), the body’s stress response remains uncontested, facilitating
autonomic arousal (sympathetic dominance). Beyond physiological responding, HRV is
related to cognitive, emotional, and social processes, e.g., individuals with lower HRV are
less able to respond flexibly during stress (Appelhans & Luecken, 2006), and lower HRV
can promote inflammation (Williams et al., 2019). Although the immune system’s acute
inflammatory response to infection or trauma is beneficial, chronic inflammation
characterizes multiple systemic diseases and disorders including cardiovascular disease,
metabolic syndrome, diabetes, asthma, arthritis, psoriasis, and chronic pain among others,
and each of these also carries an increased risk for depression (Kiecolt-Glaser, Derry, &
Fagundes, 2015). In fact, inflammation plays a key role in depression’s pathogenesis for a
subset of depressed individuals (Kiecolt-Glaser et al., 2015).

Laboratory stress paradigms provide standardized methods for examining stress reactivity.
For example, the Trier Social Stress Test (TSST) evokes potent cardiovascular, endocring,
and inflammatory stress responses in most people (Fagundes, Glaser, Hwang, Malarkey, &
Kiecolt-Glaser, 2013). During an anticipatory stress phase, participants are asked to prepare
a speech for a 2-3 person “hiring committee” about why they are the best candidate for a
job, followed by a 5-minute presentation which is framed as part of a job interview.
Immediately following the presentation, participants complete a challenging 5-minute
mental arithmetic task requiring them to start at the beginning of the task when a mistake is
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made. The evaluators maintain neutral expressions throughout to maximize social evaluative
threat.

Depression, work stress, and low socioeconomic status reliably predict heightened
inflammatory responses to the TSST (Steptoe, Hamer, & Chida, 2007). Not surprisingly,
personally relevant daily stressors can evoke much stronger and more sustained
physiological responses than laboratory stressors. Below we review both individual and
dyadic psychosocial factors that push stress reactivity higher, faster, and longer, as well as
interventions that promote a more adaptive response.

Stress Reactivity at the Individual Level

Traveling Companions: Stress and Depression

Depression and stress reactivity have an unhealthy reciprocal relationship (Kiecolt-Glaser et
al., 2015). This bidirectional relationship contributes to greater physiological reactivity,
including larger and longer-lasting inflammatory responses. Larger responses to stressors
increase the likelihood of heightened depressive symptoms and inflammation, as well as the
possibility of clinically significant depression. Inflammation can increase depression
vulnerability by heightening amygdala reactivity to threat, reducing ventral striatal reward
responding, and reducing serotonin availability within the brain (Dantzer, 2016; Eisenberger
et al., 2010; Inagaki, Muscatell, Irwin, Cole, & Eisenberger, 2012).

Although greater reactivity can influence depression onset, current and past depression can
also heighten stress responses. Even in the absence of a current depressive episode,
individuals with a history of depression may have greater emotional and physiological
reactivity to stressors than those without prior depression (Fagundes et al., 2013; Hammen,
1991). For example, individuals with remitted depression had lower HRV in response to
stressors than controls (Hu et al., 2016). The scarring hypothesis helps to explain
depression’s long-lasting effects in that latent depressive symptoms may emerge at times of
high stress (Wichers, Geschwind, Van Os, & Peeters, 2010). Relatedly, even mild depressive
symptoms heightened and prolonged inflammatory activity during the TSST (Fagundes et
al., 2013). Therefore, even subclinical or remitted depression can impact stress reactivity.
Taken together, these findings demonstrate bidirectional pathways between stress responses
and depression.

Work from our lab assessed the individual and joint contributions of a mood disorder history
and an interpersonal stressor, a marital conflict discussion, on obesity-related metabolic
responses to high-fat meals (Kiecolt-Glaser, 2018). Participants with a mood disorder history
had steeper rises in glucose and interleukin-6 (IL-6, an important inflammatory marker) than
those without such a history. Additionally, those with a mood disorder history who also used
more hostile behaviors during the conflict discussion had lower post-meal resting energy
expenditure (REE), higher insulin, and higher peak triglyceride responses than other
participants. If the lowered REE were sustained over a year, it would add a weight gain of
7.6 pounds. These data illustrate additional pathways through which interpersonal stressors
coupled with a mood disorder history could synergistically heighten the risk for obesity,
cardiovascular disease, and metabolic syndrome.
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Worry and Rumination

Anticipatory stress, worry, and post-event rumination extend the physiological, cognitive,
and emotional impact of acute stressors. Worry and rumination, collectively termed
perseveration, raise baseline levels of physiological arousal and also facilitate ongoing
reactivity, even in the absence of imminent threat (Ottaviani et al., 2016). For example,
rumination promoted larger and more long-lasting cortisol, blood pressure, heart rate, and
HRV responses, and worry predicted lower HRV and diastolic and systolic blood pressure
reactivity (Ottaviani et al., 2016). Anticipatory cortisol responses have been reported in 20—
40% of healthy individuals preceding the TSST; in fact, the anticipatory stress response
explained 67% of the variance in cortisol reactivity during the stressor (Engert et al., 2013).
Heightened reactivity among worriers and ruminators may extend to other physiological
systems. For instance, because low HRV is associated with greater inflammation, worriers’
and ruminators’ elevated autonomic responses to stressors may contribute to inflammation,
and, ultimately, poorer health and disease outcomes (Turner et al., 2020).

Early Life Adversity

Early life adversity primes physiological systems in ways that alter stress reactivity across
the lifespan. The Adaptive Calibration Model emphasizes the plastic nature of stress
response systems, in that they can recalibrate even after birth to align with unique
environmental demands (Del Giudice, Ellis, & Shirtcliff, 2011). Similarly, the Biological
Embedding Model suggests that stressful experiences early in life are programmed into cells
that regulate inflammation, thus promoting greater psychological and biological stress
reactivity throughout the life span (Miller, Chen, & Parker, 2011). Within this model, primed
immune cells are more reactive to stress and unrestrained due to deficient inhibitory
signaling (Miller et al., 2011). Research on daily stressors corroborated these findings: IL-6
levels were 2.35 times greater in individuals with a childhood abuse history who experienced
multiple stressors in the prior day compared to participants with the same number of prior
day stressors but no abuse history (Gouin, Glaser, Malarkey, Beversdorf, & Kiecolt-Glaser,
2012).

Social Evaluation

In laboratory settings, participants’ cortisol rose when others evaluated their performance
during the TSST, and, in particular, when the task felt uncontrollable while others were
present (Dickerson & Kemeny, 2004). Receiving negative feedback and making negative
social comparisons also amplified physiological stress reactivity (Dickerson & Kemeny,
2004). Stress recovery after completing the task was prolonged when individuals felt it was
uncontrollable, slowing the return to baseline cortisol levels (Dickerson & Kemeny, 2004).

Stress Reactivity at the Dyadic Level

Interpersonal Stress Processes

Couples shape each other’s stress reactivity—for better or worse. Three distinct but
interrelated processes help to explain associations between partners’ reactivity, as well as
partners’ effects on each other’s reactivity (Butler, 2015). First, partners’ responses to
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external experiences become more similar over time. One reason partners’ stress converges
is because stress can be contagious. For example, when one partner is stressed, the other
partner is more likely to be stressed (Kiecolt-Glaser & Wilson, 2017). In this way, partners
pick up and “catch” each other’s stress. Partners influence how they react to each other,
another component of couples’ interconnected stress reactivity. For example, stress
hormones rise in response to one’s own or a partner’s hostile behavior during conflict.
Partners’ stress can also synchronize while they interact, such that their reactivity rises and
falls together, thus impacting both partners’ psychological and biological responses. For
instance, when couples’ cardiovascular reactivity synchronized during a marital
disagreement, both partners had greater negative affect reactivity and higher inflammation
(Wilson et al., 2018). Lastly, couples regulate each other’s emational responses to stress
(Butler, 2015). This process is complex because partners attempt to convey their own
emotions while also trying to understand their partners’ emotions. Coregulation can be
beneficial, such as when partners share positive emotions and become less stressed.
However, coregulation can come at a cost when sharing negative emotions, such as
extensively discussing their worries (i.e., co-rumination), thus heightening their stress
reactivity.

Relationship Quality

Positive relationship perceptions and interactions including support and validation can lessen
stress responses, whereas frequent conflict and hostile interactions exacerbate stress
responses (Kiecolt-Glaser, 2018). Distressed couples use more hostile behaviors such as
sarcasm, disgust, and eye rolling during stressful interactions, and these may heighten their
stress responses and prime greater reactivity to future stress. Couples may become trapped in
this negative cycle. Indeed, distressed partners are more likely to provoke one another,
increasing their sensitivity and susceptibility to stress, which ultimately drives elevated and
prolonged stress responses over time (Butler, 2015). Thus it is not surprising that unhappy
marriages provide fertile grounds for increasing the risk of depressive symptoms and clinical
depression (Kiecolt-Glaser, 2018).

Work from our lab showed that newlyweds who used more hostile behaviors during a
marital problem discussion had larger acute increases in stress hormones (epinephrine,
norepinephrine, and adrenocorticotropic hormone) as well as bigger negative changes in
immune function 24 hours later compared to the less hostile (Kiecolt-Glaser, 2018). These
data, collected in couples’ first year of marriage, foreshadowed marital satisfaction and
divorce 10 years later. Post-conflict epinephrine in year 1 was 34% higher in couples who
subsequently divorced than those who were still married 10 years later. During the first year
of marriage hostile partners’ epinephrine and norepinephrine were also higher throughout
the day and night in those who would later divorce compared to the still-married, with
similar findings in those who were satisfied compared to the dissatisfied (but still married)
10 years later (Kiecolt-Glaser, 2018). Norepinephrine and epinephrine have half-lives of 1-2
minutes, and thus these 24-hour differences did not simply reflect responses to the conflict—
these data demonstrated heightened and sustained sympathetic nervous system
responsiveness. Of note, many potential confounds were accounted for in that these couples
had no current or past mental or physical disorder, and they had low depressive symptoms;
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moreover, initially happy newlywed couples whose marriages were later troubled did not
differ from their untroubled counterparts on individual difference trait variables or
cardiovascular reactivity to a nonmarital experimental stressor as newlyweds. These findings
show how some couples remain distressed following a marital disagreement, while others
find a way to cool down during and long after this potent interpersonal stressor; these data
also highlight potential mechanistic pathways from marital distress to ill health (Kiecolt-
Glaser, 2018).

Altering Stress Reactivity: Yoga, Meditation, Health Behaviors, and

Cognitive-Behavioral Therapy

A central axiom of meditation, yoga, and related disciplines is that regular practice reduces
stress while also providing health benefits. A regular practice may “reboot” the SNS-
dominated nervous system by increasing PNS activity, essentially combatting the body’s
tendency to respond to stress with an overabundance of inflammation. The evidence,
although limited, is provocative. For example, expert yoga practitioners’ serum IL-6 levels
were 41% lower than well-matched novice practitioners, and experts had smaller
lipopolysaccharide-stimulated 1L-6 responses to lab stressors (cold pressor and mental
arithmetic) than their novice counterparts (Kiecolt-Glaser et al., 2010).

Meditation may reduce the psychological and physiological impact of stress (Pascoe,
Thompson, Jenkins, & Ski, 2017). Indeed, participants who were randomized to meditation
interventions had lower levels of inflammatory markers, cortisol, resting heart rate,
triglycerides, and blood pressure post-intervention compared to control subjects (Pascoe et
al., 2017). Seasoned meditators also had smaller cortisol rises in response to the TSST than
nonmeditators (Rosenkranz et al., 2016). After 6 weeks of training in a Tibetan Buddhist-
based compassion meditation, more frequent practice predicted lower inflammatory
responses to the TSST (Pace et al., 2009). Mindfulness meditation can hasten recovery from
stressors; when viewing stressful images; participants’ amygdala activation levels were
lower when instructed to use a mindfulness skill compared to distraction (Kral et al., 2018).
These findings suggest that meditation and related contemplative interventions might prove
useful in reducing stress reactivity and its subsequent physiological impact.

Although beyond the scope of this brief review, growing evidence suggests that exercise, a
heathy diet low in sugar and saturated fats, and regular high-quality sleep may also reduce
stress reactivity as well as depressive symptoms (Molendijk, Molero, Sanchez-Pedrefio, Van
der Does, & Martinez-Gonzalez, 2018; Vargas & Lopez-Duran, 2017; West et al., 2010).
More comprehensive research is needed, but improving these health behaviors may provide
an important intervention point for reducing stress reactivity.

Central to cognitive-behavioral therapy (CBT), cognitive reappraisal seeks to better align a
person’s stress appraisals with the stressor’s actual threat. However, research addressing
CBT’s ability to reduce physiological stress reactivity has been mixed. Larger samples with
longer treatment trials and study follow-ups may be necessary to better evaluate CBT’s
effects on stress reactivity.
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Health Implications

Heightened and prolonged stress reactivity is a gateway to the physiological dysregulation
that underlies depression and chronic disease, which themselves alter stress reactivity — a
vicious cycle. For example, individuals with heightened reactivity and a prolonged recovery
from stress have a greater risk for cardiovascular morbidity and mortality, especially older
adults (Turner et al., 2020). Individuals who had larger cortisol responses to an acute stressor
also had shorter telomeres, suggesting accelerated cellular aging (Tomiyama et al., 2012).
Premature aging and chronic diseases such as cardiovascular disease are associated with
higher rates of depression (Kiecolt-Glaser et al., 2015), which then loops back and further
upsets multiple biological systems (endocrine, immune, cardiovascular, metabolic, and
neurocognitive). These alterations are sufficient to worsen chronic disease, potentially
resulting in premature mortality (Hughes, Connor, & Harkin, 2016). Although we have
focused on heightened and prolonged stress reactivity, blunted reactivity also has health
consequences (Turner et al., 2020), suggesting that a mid-range stress response that is in line
with the current situational demands and returns to baseline after the threat resolves, is
optimal. As research continues to uncover the health implications of heightened and
prolonged stress reactivity, another significant line of inquiry probes how to best intervene
on individuals’ physiological stress responses. Early identification and treatment of
individuals whose stress reactivity is higher and persists longer compared to their peers
could provide a window of opportunity to influence health outcomes.
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High perceived stress Hostility adversities Satisfaction
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Stress Duration and Body Responses
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Sympathetic-adrenal medullary
(SAM) response (almost immediate):
increased adrenaline, noradrenaline,

heart rate, blood pressure

Hypothalamic-pituitary adrenal
(HPA) axis response (~30 min post-
stress onset): cortisol release,
glucose released into bloodstream

Proinflammatory signaling (~60-90
min post-stress onset)

Dysregulation of biological rhythms (e.g.,
smaller cortisol awakening response)

Cellular insensitivity to cortisol
Systemic inflammation
Poorer viral defense
Impaired wound healing
Poorer antibody vaccine response

Autonomic imbalance; low HRV

Metabolic dysregulation; obesity
Chronic disease (e.g., cardiovascular disease)
Frailty

Accelerated aging (e.g., “inflammaging,”
shorter telomeres)

Increased risk for early mortality

Figure 1. Stress Duration and Bodily Responses are Multiply
Determined Many individual and dyadic level factors determine the duration and magnitude

of the stress response. These factors can moderate (i.e., heighten and dampen) the effect of
the stressor on the body, as well as mechanistically link the stressor to the stress response.
Factors that influence the stress response duration are not as well-characterized as those that
influence the stress response magnitude. The duration and magnitude of a stressor
determines the bodily response. Short-term stress lasting seconds, minutes, and hours
provokes autonomic, endocrine, and immunological changes that are part of an adaptive
response and do not cause lasting physiological dysregulation. However, chronic stressors
can dysregulate multiple physiological systems and lead to accelerated aging.
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